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© A method for producing zeolite-containing particles. 

© A method for producing zeolite-containing par- 
ticles, in which the zeolite has a silica to alumina 
mole ratio of at least 12, comprises initially com- 
positing seed crystals of the. desired zeolite with a 
matrix material, such that said seed crystals com- 
prise from 0.01 to 2.0 wt percent of said matrix 
material, and then preforming the matrix material 
containing the said seed crystals into particles. The 
pre-formed particles are then contacted at a tem- 
perature of 60 °C to 250 °C with zeolite producing 
reactants comprising an alkaline aqueous solution in 
order to crystallize the required zeotite within said 
^ pre-formed particles, the weight ratio of the aqueous 
solution to said pre-formed particles being from 0.1 
?Jto 50, and the pH of the solution being in excess of 
J^7. "The resultant particles contain from 3% to 60% of 
the required zeolite. 
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A METHOD FOR PRODUCING ZEOLITE-CONTAINING PARTICLES 



This invention relates to a method for produc- 
ing zeolite-containing particles. 

Crystalline zeolites have t>een prepared from 
mixtures of oxides including sodium oxide, alumina, 
silica and water. More recently clays and 
coprecipitated aluminosilicate gels, in the dehy- 
drated form, have been used as sources of alumina 
and silica in zeolite reaction systems. 

Seeding is a recognized method of initiating 
crystallization in zeolite synthesis. Generally in 
seeding, a small quantity of the desired product is 
injected into a suitable reaction mixture and, with 
good mixing, these crystals are circulated to pro-* 
vide nucleation sites for the formation of the net 
product U.S. Patent No. 3.671,191 teaches a gen- 
eral seeding technique. 

Most commonly, zeolite crystals are incorpo- 
rated with a binder, i.e. a matrix, to form a catalyst 
or adsorbant particle. Such matrix is useful not only 
as a binder, but also to impart greater temperature 
and impact resistant to the catalyst 

It is recognized in the art that pre-formed cata- 
lyst matrix particles can also be transformed under 
certain conditions into zeolites. The use of matrices 
to form zeolites is described in many patents in- 
cluding U.S. Patent Nos. 3.746.659; 3,752,772; 
3,773.391; 3,694.152; 3,663,456; 3.650,687; 
3,647,718; 3,642,662 and 3.545,921. The most 
common matrix material used in the prior "art to 
form zeolites is a clay, especially kaolin clay. 

U.S. Patent 4.091,007 describes an improved 
method for preparing ZSM-5 by crystallizing a re- 
action mixture including clay as the major source 
of alumina, an added source of silica, water and an 
added source of cations. 

The use of pre-formed and high clay content 
matrix particles places special restrictions on sub- 
sequent zeolite crystallization. When clays are 
used exclusively, the matrix particles tend to be 
fairly high in aluminum content Another problem in 
the use of matrix particles is the tendency for these 
particles to serve simply as a source of nutrients 
for crystallization quite exterior to, and physically 
independent of the original matrix. 

It is an object of this invention to furnish a 
method of fixing siliceous zeolite crystals in a pre- 
formed matrix. It is further object of the present 
invention to grow zeolite crystals within a pre- 
formed matrix, thus forming a matrix-containing 
zeolite which can be readily used as a catalyst or 
adsorbant particle. It will be appreciat d that 
whereas conventional techniques for the manufac- 
ture of bound zeolit particles comprise two gen- 
eral steps, namely zeolit formation and then incor- 



poration of said zeolite in a matrix, the present 
method allows these two general steps to be com- 
bined into a single operation with the attendant 
benefits of shorter zeolite crystallization time, high- 
s er zeolite yields and lower catalyst/absorbent man- 
ufacturing costs. An unexpected result of the 
present method is the unique morphology and cry- 
stal size of the resulting zeolite particles. 

In accordance with the present invention, there 
io is now provided a method for producing zeolite- 
containing particles, in which the zeolite has a silica 
to alumina mole ratio of at least 12, the method 
comprising the steps of compositing seed crystals 
of the desired zeolite with a matrix material, such 
is that said seed crystals comprise from 0.01 to 2.0 
wt percent of said matrix material, preforming said 
matrix material containing said seed crystals into 
particles and then contacting said pre-formed par- 
ticles under reaction conditions including a tem- 
20 perature of from 60 °C to 250 °C with zeolite pro- 
ducing reactants comprising an alkaline aqueous 
solution to form a reaction mixture in order to 
crystallize said zeolite within said pre-formed par- 
ticles, the weight ratio of said aqueous solution to 
25 said pre-formed particles being from 0.1 to 50, and 
the pH of said reaction mixture being in excess of 
7, and recovering said particles containing from 3% 
to 60% of said zeolite. 
~ * * Thus the present invention provides a method 
30 of producing siliceous zeolite crystals, i.e. having ^ 
silica to alumina mole ratio of at least 12, within a 
pre-formed matrix. This is accomplished by depos- 
iting seed crystals of the desired zeolite in the pre- 
formed matrix and then contacting the product with 
35 a zeolite forming mixture. Since circulation of the 
seed crystals cannot occur (since these seed cry- 
stals are fixed and imbedded within the matrix), it 
would seem at first glance that they would not be 
effective in promoting the crystallization of zeolites. 
40 Surprisingly, however, it is found that these imbed- 
ded seed crystals are effective in accelerating cry- 
stallization of zeolites. 

The crystalline zeolites produced by the 
present method are members of a unique class of 
45 zeolitic materials which exhibit unusual properties. 
Although these zeolites have unusually low alumina 
contents, i.e. high silica to alumina mole ratios, 
they are very active even when the silica to alu- 
mina -mole ratio exceeds 30. The activity is surpris- 
50 ing since catalytic activity is generally attributed to 
framework aluminum atoms and/or cations asso- 
ciated with thes aluminum atoms. These zeolites 
retain their crystallinity for long periods in spite of 
the presence of st am at high temperature which 
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induces irreversible collapse of the framework of 
other zeolites, e.g. of the X and A type. Further- 
more, carbonaceous deposits, when formed, may 
be removed by burning at higher than usual tem- 
peratures to restore activity. These zeolites, used 
as catalysts, generally have low coke-forming activ- 
ity and therefore are conducive to long times on 
stream between regenerations by burning carbona- 
ceous deposits with oxygen-containing gas such as 
air. 

With pure zeolite samples, the silica to alumina 
mole ratio referred to may be determined by con- 
ventional analysis. This ratio is meant to represent, 
as closely as possible, the ratio in the rigid anionic 
framework of the zeolite crystal and to exclude 
aluminum in the binder or in cationic or other form 
within the channels. Although zeolites with a silica 
to alumina ratio of at least 12 are useful, it is 
preferred in some applications to use zeolites hav- 
ing higher silica/alumina ratios of at least about 30. 
In addition, zeolites having very little aluminum, i.e. 
having silica to alumina mole ratios of 1 ,600 and 
higher, are found to be useful and even preferable 
in some instances. 

An important characteristic of the crystal struc- 
ture of certain zeolites in this unique class of 
zeolites is that they exhibit selective constrained 
access to and egress from the intracrystalline free 
space by virtue of having an effective pore size 
intermediate between the small pore Unde A and 
the large pore Linde X, i.e. the pore windows Of the* 
structure are of about a size such as would be 
provided by 10-membered rings of silicon atoms 
interconnected by oxygen atoms. It is to be under- 
stood, of course, that these rings are those formed 
by the regular disposition of the tetrahedra making 
up the anionic framework of the crystalline zeolite, 
the oxygen atoms themselves being bonded to the 
silicon (or aluminum, etc.) atoms at the centers of 
the tetrahedra. 

Such preferred zeolites have an effective pore 
size such as to freely sorb normal hexane. In 
addition, the structure should provide constrained 
access to larger molecules. It is sometimes possi- 
ble to judge from a known crystal structure whether 
such constrained access exists. For example, if the 
only pore windows in a crystal are formed by 8- 
membered rings of silicon and aluminum atoms, 
then access by molecules of larger cross-section 
than normal hexane is excluded and the zeolite is 
not. of the preferred type. Windows of 10-mem- 
bered rings are preferred, although in some in- 
stances excessive puckering of the rings or pore 
blockage may render these zeolites ineffective. Al- 



though 12-membered rings in theory would not 
offer sufficient constraint, it is noted that the puck- 
ered 12-ring structure of TMA offretite shows some 
constrained access. 

s Rather than attempt to judge from crystal struc- 

ture whether or not a zeolite possesses the neces- 
sary constrained access to molecules of larger 
cross-section than normal paraffins, a simple deter- 
mination of the "Constraint Index" of the zeolite 

to may be made as described in, for example, U.S. 
Patent No. 4016218. Preferred zeolites for use in 
the present method have a Constraint Index of 1 to 
12. 

Examples of such preferred zeolites are ZSM- 
is 5, ZSM-11, ZSM-12, ZSM-23, ZSM-35 and ZSM- 
38. with ZSM-5 being especially, preferred. ZSM-5 
is described in greater detail in U.S. Patents No. 
3,702,886, Re. No. 29,948. No. 4,139.600 and No. 
4,100,262. ZSM-11 is described in greater detail in 
20 U.S. Patents No. 3.709.979 and No. 4,108.881. 
ZSM-12 is described in U.S. Patent No. 3.832.449. 
ZSM-23 is described in U.S. Patent No. 4.076,842. 
ZSM-35 is described in U.S. Patent Nos. 4,016,245 
and No. 4,107,195. ZSM-38 is more particularly 
25 described in U.S. Patent No. 4,046,859. 

Useful matrix materials for the pre-formed ma- 
trix of the present method include both synthetic 
and naturally occurring substances, as well as in- 
. organic materials such as clay, silica, and/or metal 
30 oxides. The metal oxides may be either naturally 
occurrfng or in the form of gelatinous precipitates 
or gels including mixtures of silica and metal ox- 
ides. Non-limiting examples of such porous matrix 
materials include silica, silica-alumina, silica-thoria, 
35 silica-magnesia, silica-zirconia, silica-berylia and 
silica-titania, as well as ternary compositions, such 
as silica-alumina-thoria, silica-alumina-zirconia 
silica-alumina-magnesia and silica-magnesia-zir- 
conia. 

40 Clay materials for use as matrix materials in 

the present invention include compositions com- 
posed primarily of clay minerals identified as hy- 
drated aluminum silicates. Said hydrated aluminum 
silicate clay mineral may have associated therewith 

45 one or more metal or metal oxides selected from 
the group consisting of Group IA, HA and VIII of the 
Periodic Table of the Elements (Sargent-Welch 
Company. 1968). Non-limiting examples of such 
hydrated aluminum silicate minerals which com- 

50 prise the major proportion of clays for use in this 
invention include* kaoiinite, halloysite, montmoril- 
lonite, illite and attapulgite. Clays containing these 
minerals are represented by such non-limiting x- 
amples as fuller's earth (containing attapulgite with 
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some montmorillonite), kaolin (constituted of mainly 
kaolinite) and bentonite (containing appreciable 
amounts of montmorillonite and usually having 
some magnesium and iron associated therewith). 

Only a small amount of zeolite seeds are need- 
ed for the present method, namely 0.01% by to 
2.0% of seeds by weight of the matrix. It is pre- 
ferred to use from about 0.1% to 1.0% of seeds by 
weight of the matrix. The seed used depends on 
the zeolite desired to be produced. For example, 
ZSM-5 seeds produce ZSM-5 zeolite and ZSM-11 
seeds produce ZSM-1 1 zeolite. 

It is preferred to form the seeded matrix par- 
ticles by intimately admixing seed crystals with an 
inorganic oxide matrix while the latter is in a hy- 
drous state (slurry-type material) such as in the 
form of a hydrosol, hydrogel, wet gelatinous 
precipitate, or a mixture thereof. If a hydrosol is 
formed, it can be permitted to set in mass to form 
a hydrogel which can thereafter be shaped, dried 
or spray-dried by conventional techniques. Alter- 
natively, extrusion or pelletizing can be employed 
to form discrete particles. Once the particle is 
formed, its dimensions and geometry will be es- 
sentially fixed and will not be subject to substantial 
change during crystallization of the zeolite. 

The seeded matrix particles are then contacted 
with a zeolite forming mixture under the proper 
reaction conditions to crystallize the desired zeolite 
within the matrix. In particular, the seeded matrix 
particles are-contacted with an -alkaline aqueous"* 
forming solution such that the weight ratio of said 
aqueous solution to said particles is between 0.1 
and 50. preferably between 1.0 and 10. Hydroxide 
concentration in the initial forming solution will in 
general, be between 0.01 and 3.0 molar, preferably 
between 0.1 and 2.0 molar so as to ensure a final 
pH of solid-solution mixture in excess of 7.0. Pref- 
erably, the seeded matrix particles are contacted 
with the zeolite forming mixture without undergoing 
an initial calcination step. 

Conventional zeolite forming mixtures are em- 
ployed and comprise sources of an alkali metal 
oxide, e.g. a sodium oxide, an oxide of silicon - 
(silica), an oxide of aluminum (alumina), water, and, 
if desired, a source of an organic nitrogen contain- 
ing cation, such as an amine or diamine; e.g., 
butytamine, pentanediamine. hexanediamine; a 
tetraalkylammonium compound, e.g. a 
tetramethylammonium compound, a tetraethylam- 
monium compound, a tetrabutylammonium com- 
pound, or a tetrapropylammoniurn compound; an 



alkylenediamine, e.g. polymethylenediamine; pyr- 
rolidine or a tetraureacobalt (II) complex. In prep- 
aration of "extremely highly siliceous" zeolites 
such as those disclosed in U.S. Patent Re. No. 
s 29,948, no source of an oxide of aluminum is 
employed in the reaction mixture. 

The matrix material may also serve as a source 
of reactants. Thus the matrix may supply all or 
some of the required silica, alumina, or alkali metal. 
70 Additionally the matrix material may contain a 
zeolite with a silica to alumina mole ratio of less 
than 12, e.g. a synthetic faujasite type zeolite. 

Generally, organic compounds will be present 
in the initial forming solution in a concentration of 
75 between 0.01 and 2.0 molar, preferably between 
0.05 and 1.0 molar. 

Crystallization is performed either at atmo- 
spheric pressure or under elevated pressure in an 
autoclave or static bomb reactor at pressures in the 
20 range of between 100 to 6080 kPa (1 and 60 
atmospheres.) Crystallization is generally carried 
out at a temperature of 60 °C to 250 °C t but at 
lower temperatures in this range, e.g. below about 
100°C, crystallization time is longer. Typical reac- 
25 tion conditions comprise maintaining the reaction 
mixture and the seeded matrix at a temperature of 
80 °C to 200*0 for 1 hour to 60 days, more prefer- 
■ ably at a temperature of 95 °C to 160°C for 3 hours 
to 1 4 days. Thereafter, the matrix particles contain- 
30 - ing the crystallized zeolite are separated from the 
• * liquid and recovered. ' 

Separation is conveniently effected by coolinr 
the entire mixture to room temperature and the* 
Filtering and water washing the solid product The 
35 product so obtained is dried, e.g. at 110°C, for 
from 1 hour to 8 hours. If desired, milder conditions 
may be employed, e.g. room temperature under 
vacuum. The final product is a matrix containing 
3% to 60%, preferably 5% to 40% of the required 
40 zeolite, with the remainder being the matrix. The 
final product exhibits unexpected morphology and 
cn/stal size. 

The following examples will serve to illustrate 
the invention. 

45 

EXAMPLE 1 

Two clay-containing catalyst matrices were 
spray-dried in side-by-side experiments, one con- 
so taining 1% ZSM-5 crystals, the other containing 
none. They analyzed as follows: 
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Si0 2 /Al 2 0 3 

Surface area (m /g), 



With crystals 

5.31 
204 



No ZSM-5 was detected by X-ray diffraction in 
either material. The same clay-containing catalyst 
matrices utilized in Example 1 were employed in 
the following Examples 2 to 8. The matrix contain- 
ing the crystals is referred to as "spray-dried, 
seeded material" and the matrix without crystals is 
referred to as "unseeded material". 

EXAMPLE 2 

Twenty grams of spray-dried, seeded material 
was combined with a solution of 0.20 g NaOH, 1 .33 
g TPABr and 2.58 g NaBr in 20 g water. The 
mixture was placed in a steam chest at 95 °C. After 
one week, X-ray diffraction showed the solid to 
contain 35% ZSM-5. When the same treatment 
was given to the unseeded material, the solid con- 
tained only 15% ZSM-5. Thus the seeded material 
gave a greater zeolite yield than the unseeded 
material. 

To show that the 35% ZSM-5 sample was not 
just a physical mixture of crystals with matrix par- 
ticles, the sample was separated on a 200 mesh- 
screen. The portion passing through 200 mesh 
analyzed 35% ZSM-5; that retained. 38%. 

EXAMPLE 3 

Twenty grams of seeded material was treated 
as in Example 2 except that 40 g water was used. 
After 1 week, the solid contained 30% ZSM-5 
wh reas the unseeded material had only 10%. 

EXAMPLE 4 

Twenty grams of spray-dried, seeded material 
was combined with a solution of 2.04 g of 25% 
TPA hydroxide in 19 g water. The mixture was 
placed in a steam chest at 95°C. After one week, 
X-ray diffraction showed the solid to contain 30% 
ZSM-5. When the same treatment was used on 
unseeded material, the solid contained only 20% 
ZSM-5. 

EXAMPLE 5 

Eighty grams of spray-dried, seeded material 
was combined with a solution of 0.8 g NaOH, 10.3 
g NaBr and 5.3 g TPABr in 80 g water. The mixture 
was placed in a 300 cc stainless steel autoclave 
and heated 4 hours at 160°C with slow stirring. 
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After cooling, filtering and drying, the product solid 
contained 16% ZSM-5. When the same treatment 
was employed with unseeded material, the solid 
contained only 2% ZSM-5. 

EXAMPLE 6 

Example 5 was repeated, but with 0.4 g NaOH, 
5.3 g TPABr and no NaBr. After 6 hours at 160°C. 
the seeded material contained 15% ZSM-5; the 
unseeded sample contained only 2% ZSM-5. 

EXAMPLE 7 

Example 5 was repeated, but with 120 g solid, 
1.2 g NaOH. 7. 95 g TPABr and 60 g H a O. After 6 
hours at 160°C, the seeded material contained 
15% ZSM-5; the unseeded sample contained only 
3% ZSM-5. 

EXAMPLE 8 

This Example will serve to illustrate the neces- 
sity of alkalinity. The experiment of Example 5 was 
repeated, but with no NaOH. After 6 hours at 
160°C, no crystallinity was found in either the 
seeded or unseeded matrix. 

EXAMPLE 9 

This example shows that the procedures of this 
invention would not destroy a synthetic faujasite 
type zeolite if it were present in the precursor 
composite. 40 grams of NaY were combined with 
80 g water and 16.2 g 25% TPA OH. After 6 hours 
in an autoclave at 160°C. the solid was filtered and 
dried. X-ray analysis showed it to be 100% NaY. 

Claims 



45 



50 



55 



1. A method for producing zeolite-containing par- 
ticles, in which the zeolite has a silica to alumina 
mole ratio of at least 12. the method comprising 
the steps of compositing se d crystals of the de- 
sired zeolite with a matrix material, such that said 
seed crystals comprise from 0.01 to 2.0 wt. percent 
of said matrix material, preforming said matrix ma- 
terial containing said seed crystals into particles 
and then contacting said pre-formed particles un- 
der reaction conditions including a temperature of 
from 60°C to 250°C with zeolite producing reac- 
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tants comprising an alkaline aqueous solution to 
form a reaction mixture in order to crystallize said 
zeolite within said pre-formed particles, the weight 
ratio of said aqueous solution to said pre-formed 
particles being from 0.1 to 50, and the pH of said 
reaction mixture being in excess of 7, and re- 
covering said particles containing from 3% to 60% 
of said zeolite. 

2. The method of claim 1 wherein the amount of 
seed crystals comprise is between 0.1 and 1.0 wt 
percent of the matrix. 

3. The method of claim 1 or claim 2 wherein said 
zeolite is selected from the group ZSM-5, ZSM-11, 
ZSM-12, ZSM-23. ZSM-35 and ZSM-38. 

4 The method of any preceding claim wherein said 
reactants comprise sources of an alkali metal ox- 
ide, an oxide of silicon, water, and organic 
nitrogen-containing cations. 

5 The method of claim 4 wherein said reactants 
further comprise a source of an oxide of aluminum. 

6. The method of claim 4 or claim 5 wherein said 



matrix serves as a source of an oxide of silicon, of 
an alkali metal oxide and'or of an oxide of alu- 
minum. 

s 7. The method of claim 1 wherein the pre-formed 
matrix is prepared from a clay. 

8. The method of any preceding claim wherein said 
reaction conditions include a pressure of between 

io 100 and 6080 kPa (1 and 60 atmospheres) and a 
contact of time of between 1 hour and 60 days. 

9. The method of any preceding claim wherein said 
pre-formed particles are contacted with said zeolite 

75 producing agents without an intervening heat treat- 
ment step on the particles. 

10. A process for converting feedstock comprising 
hydrocarbon compounds to product comprising hy- 

20 drocarbon compounds of lower molecular weight 
than the feedstock hydrocarbon compounds which 
comprises contacting said feedstock at conversion 
conditions with a catalyst comprising an active 
form of zeolite-containing particles produced by a 

25 method of any preceding Claim- 
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